gem-Difluoroolefins have attracted much attention because they show chemical reactivities toward nucleophiles 1,2 and are useful intermediate for the synthesis of fluorinated organic compounds via addition-elimination reaction.
16,17
2,2-Difluoro-1-tributylstannylethenyl ethers were prepared in a similar manner and their cross-coupling with aryl iodides, followed by cleavage of ether linkage provided difluoromethyl ketones.
18, 19 Burton et al. synthesized 2,2-difluoroethenylstannane from the reaction of 2,2-difluoroethenyltriethylsilane with tributylstannyl chloride in the presence of KF. 20 He also prepared 2,2-difluoro-1-bromoethenylstannane from the reaction of 1,1-dibromo-2,2-difluoroethene with tributyltin chloride in the presence of Zn metal. 21 We reported a method for the preparation of 2,2-difluoro-1-phenylethenylstannane from the stannylation of sulfonyl group in 2,2-difluoro-1-phenylethenylsulfone and its arylation to give 1,1-diaryl-2,2-difluoroethenes. 22 Alkenylation and alkynylation of 2,2-difluoro-1-phenylethenylstannane provided the corresponding 1,1-difluoro-1,3-butadienes 23 and 1,1-difluoro-1,3-enynes. 24 Recently, efficient synthesis of 2,2-diaryl-1,1-difluoroethenes can be achieved by consecutive cross-coupling reactions of 2,2-difluoro-1-tributylstannylethenyl ptoluenesulfonate. 25 However, a general preparation of 1-aryl-2,2-difluoroethenylstannane which is a better coupling partner of arylation as compared to 1-aryl-2,2-difluoroethenyltosylate 25 has not been reported in the previous liternature. Herein, we wish to report a general method for the preparation of 1-aryl-2,2-difluoroethenylstannane which should be a nice precursor to 1,1-diaryl-2,2-difluoroethenes.
2,2-Difluoro-1-tributylstannylethenyl p-toluenesulfonate (1) was easily prepared in 90% yield from the reaction of 2,2,2-trifluoroethyl p-toluenesulfonate with 2.2 equiv of LDA in THF at −78 o C, followed by treatment with tributylstannyl chloride.
25 Then, the cross-coupling reaction of 1 with aryl iodides in the presence of 10 mol % Pd(PPh 3 ) 4 and 10 mol % CuI in DMF at 80 o C for 10-20 hours afforded the 2,2-difluoro-1-arylethenyl p-toluenesulfonate 2 in moderate to excellent yields. 25 We attempted the stannylation of tosylate functional group of 2. When 2,2-difluoro-1-phenylethenyl p-toluenesulfonate (2a) was reacted with 1.2 equiv of hexabutyldistannane in the presence of 5 mol % of Pd(PPh 3 ) 4 and 5 equiv of LiCl in DMF at 100 o C for 6 h, the desired product 3a was observed in a trace amount and starting material was recovered. The longer reaction time and increase of LiCl up to 30 equivalent afforded the similar result. The reaction was performed in the presence of 5 equiv of LiBr instead of LiCl to give 3a in 45% yield, in which the reaction completed in 8 hours. The dramatically increased yield (60% yield) of 3a was achieved by the use of 10 equiv of LiBr in this reaction. However, when the higher equiv of LiBr was used in the reaction, the yield of 3a decreased. Increase of Pd(PPh 3 ) 4 up to 10 mol % did not cause to increase the yield of 3a. Reaction of 2a with 1.2 equiv of hexabutyldistannane in the presence of 5 mol % of Pd(PPh 3 ) 4 and 10 equiv of LiBr in THF at reflux temperature for 8 hours afforded the desired product 3a in a trace amount and most of starting material was recovered. Reaction did not improve even though 30 equiv of LiBr was used in this reaction. The use of a mixture of PdCl 2 (PPh 3 ) 4 and XPhos as a ligand in the reaction also did not give the observation of 3a. After monitoring of the reaction under the different solvent, different equiv of LiBr and catalyst (Table  1) , we found that the use of 5 mol % of Pd(PPh 3 ) 4 and 10 equiv of LiBr in DMF at 100 o C for 8 hours provided 3a in 60% isolated yield.
Optimized reaction condition was applied to prepare a variety of 2,2-difluoro-1-arylethenylstannane 3b-n via reaction between hexabutyldistannane and 2 having fluoro, chloro, bromo, methoxy, methyl, trifluoromethyl and nitro on the benzene ring. Except for the 2,2-difluoro-1-arylethenyl p-toluenesulfonate having electron-donating group (CH 3 , OCH 3 ) on the benzene ring attached to double bond, the desired products 3 were obtained in 58-67% isolated yields ( Table 2 ). The longer reaction time (14 hours) was required for the reaction with 2,2-difluoro-1-arylethenyl ptoluenesulfonate having electron-donating group or orthosubstituent, with relatively low yields (31-45%). A typical reaction procedure for the preparation of 3e is as follows. A 15 mL two-neck round bottom flask equipped with a magnetic stirrer bar, glass stopper and reflux condenser connected to an argon source was charged with LiBr (0.869 g, 10 equiv) and 5 mol % Pd(PPh 3 ) 4 and then a solution of hexabutyldistannane (0.696 g, 1.2 equiv) in 3 mL of DMF was added by dropwise to the mixture. Then, DMF (2 mL) solution of 2a (0.340 g, 1 mmol) was added. After the reaction mixture was heated at 100 o C for 24 hours, the reaction mixture was cooled to room temperature and then quenched with water. The reaction mixture was extracted with ether twice, washed with 5% KF and brine, dried over anhydrous MgSO 4 and chromatographed on SiO 2 column. Elution with a mixture of n-hexane and ethyl acetate (20:1) provided 3e (0.188 g) in 41% yield. 3e: oil; Trace amount of product was observed and starting material was recovered. 
